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Abstract: In this study larval skins of dragonflies werecollected counted and studied in order to find peaks
and patterns of emergence and correlate with environmen-
tal factors. One of the most important stages of the life
of a dragonfly is the time when it changes from a larval
aquatic insect into a flying adult. This stage takes place
when the dragonfly emerges out of its skin called the exu-
via. Exuvia were collected from two sites at Carver Pond,
Bridgewater, Massachusetts to determine differences in
species emergence patterns from May 26, 2003 to July 18,
2003 and correlated with environmental conditions. Peak
emergence occurred during July 7-11, which also corre-
lated with a distinct rise in water temperature for the study
period. Dominant species were Paehydiplax longipennis
and Epitheea eynosura. Leueorrhinia intaeta, Leueorrhinia
jrigida, Leueorrhinia proxima, Erythemis simplicieol/is,
and Doroeordulia lepida also are species found emerging
during the study. Different patterns of emergence were
found for different species. Most fell into two patterns of
spring or summer species.
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Introduction
Dragonflies have very unique and
interesting life history. They start out their
life when the adult female drops her eggs
in a body of water. They then hatch into
swimming aquatic insects for their early
nymph stages where they go through many
periods or "instars" where they outgrow and
shed their skin. Finally they crawl out of the
water and shed their skin for the last time
to become adults with wings. They leave
behind an exuvia identical to the larvae only
it is hollow. New England has a very short
summer, which leaves a short amount of
time to study dragonflies. For this reason
it is crucial to be aware of the behavior and
emergence patterns to be able to study them
as much as possible in this short period of
time.
The best technique for determining
patterns of emergence is to collect (exuvia)
and count larval skins in a defined time
period. Dragonflies are flying adults and are
generally hard to catch. Instead of trying to
catch every adult that hatches everyday, it is
much easier to collect the exuvia that is left
behind (Foster and Soluk 2003). Catching
flying adults consists of a lot of time spent
out in the field that may not be available in
such a time sensitive study. Also, when you
catch flying adults you can never be sure if
they actually emerge from your study area
because dragonfly adults are very capable
of migrating to habitats different from the
ones they emerge from. Collecting the
exuviae from a certain habitat is the only
way to positively know if the dragonfly had
spent its life cycle there (Foster and Soluk
2003). Another good reason to use exuvia
for a study like this is at their last larval
instar they are easier to identify each spe-
cies, which is what you always have with an
exuvia (Foster and Soluk 2003).
There are four different patterns
of emergence for aquatic insects that are
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described by Corbet (1964). These pat-
terns are continuous, rhythmic, sporadic
and seasonal. One pertaining specifically
to dragonflies is seasonal emergence. This
is when the dragonflies emerge at a certain
time of year due to changing conditions that
become more favorable for the dragonfly.
This seasonal emergence is typically depen-
dent on precipitation and temperature (Cor-
bet 1964). Emergence starts in the spring in
the New England area when the temperature
gets warmer and tapers off in the fall when
it gets cold again. Dragonfly emergence de-
pends on warmer water temperatures that are
favored by the larvae. The emergence each
season won't start until water temperatures
are high enough (Willey 1974).
There are two typical emergence
patterns found during seasonal emergence.
Some species stop development in their last
instars over the winter allowing them to all
emerge within the same very short time pe-
riod in the spring. This is called the "spring
species." Larvae called "summer species"
are slowed down by the winter at different
instars and emerge later in the summer at
different times (Corbet 1954). This was also
found to be true by Suhling (1995) when he
studied river species and he found Anax im-
perator to be a spring species and by Benke
et al. (1975) who studied a pond and worked
with species similar to this study in South
Carolina studying life histories of dragon-
flies. They found a dragonfly of the genus
Epitheca to be a spring species and Pachy-
diplax longipennis to be a summer species.
Competition should not affect this phenom-
enon because there is little correlation of
competition between spring and summer
species (Johnson et al 1985). Johnson did a
study with Epitheca cynosura and another
spring species and even though they had
similar overlap in diet and were placed in
experimental close quarters the two species
had no affect on each other as far as compe-
tition.
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In this project chronological patterns
of emergence were studied in order to find
which species emerge overtime from two
sites on Carver Pond. Emergence data were
compared with weather data for the two
different sites to see if and how temperature
and rainfall correlated with the timing of the
emergence of the dragonflies.
Materials and Methods
Emergence was studied over a period
from May 26 to July 18 at two sites on
Carver Pond Bridgewater, Massachusetts
(Fig 1). The two sites were classified as
North Shore Beach and Pine Point. They
were chosen because of there difference in
location on the pond leading to different
environmental factors and because of the
accessibility of the water from the shore.
The North Shore site is in the northwestern
part of Carver Pond near the pond overflow
and Pine Point is on the northeastern side.
Though the North Shore was more open,
Pine Point had more tree cover from decidu-
ous shrubs and mixed deciduous trees and
white pines Pinus strobus. This allowed for
more sun throughout the day on North Shore
while Pine Point was shaded most of the
morning. One to four collectors waded 30-
35 meters of shoreline of each site randomly
collecting all the exuvia found in the area on
trees, shrubs and emergent aquatic vegeta-
tion. All the exuvia found were consoli-
dated into a jar that was labeled with the site
and date. Adult dragonflies were collected
with a net for a separate project, but these
also were used to confirm the identification
of the exuviae and determination of the spe-
CIes.
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Data analysis in the lab consisted of
identification of the exuvia to species. First
exuvia in the jars of each day and site were
sorted by naked eye. Using differences
in major physical features, these were put
into piles by characteristics of what could
be seen without the microscope. Using the
dissecting microscope, each exuvia was
keyed to species using Needam, Westfall,
and May (2000). All the specimens found
were placed into containers separated by
day, site and species. The exuvia numbers
were counted for every day and grouped
together in five-day intervals. Each five-
day interval was a Monday-Friday five-day
interval. This was used because collecting
only occurred Monday-Friday and on differ-
ent days each week but usually on Monday
and Wednesday. To account for this, exuvia
from each five-day interval were grouped
into one number to represent exuvia col-
lected that had emerged in that week.
Data gathered for water temperature,
air temperature, and precipitation was com-
pared with the emergence patterns. To track
water temperature, Onset Hobo computer
water temperature recorders were placed at
each site in the water. These were tied to a
brick and placed in the water so they were
submerged 15-20cm below the surface.
They were placed in the pond on May 20
and were removed July 18. The temperature
recorder logged water temperature continu-
ously every two hours of every day. Data
on air temperature, precipitation amounts,
and wind speed direction were taken from
the Bridgewater State College Weather Data
Base (2003). This contained air temperature
and precipitation amounts for every hour of
every day. Water quality data was collected
on July 9 and July 21 over a 24-hour period
for mean maximum and minimum tempera-
ture, DO and pH using a Hydro Lab Mini-
sonde Multiprobe suspended 15 cm below
the surface at each site.
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Results
Total amount of exuvia collected
from both sites was 558 (345 North Shore
Beach, and 212 Pine Point). The peak tim-
ing of total emergence was the week of July
7-11 for both sites. The North Shore had
more dragonflies emerging almost every
week. When Pine Point had more the num-
bers at both sites were very close (Fig. 2).
Out of the collected exuvia, seven
species were found and one single exuvia
was considered unknown because it was too
crushed to be identified. The most abundant
species collected was Pachydiplax lon-
gipennis (Fig 2&3). The first occurrence of
Pachydiplax longipennis was the week of
June 16-20 and was found every week until
collecting was stopped (Fig. 3&4). The sec-
ond most abundant species found frequently
was Epitheca (Tetragoneuria) cynosura,
which was the first species, found when col-
lecting started the week of May 26-30. The
emergence of Epitheca cynosura slowed
down as emergence of Pachydiplax lon-
gipennis started to rise (Fig 2&3). The other
5 species consisted of 3 species of Leucor-
rhinia (intacta, proxima, andjrigida) along
with Erythemis simplicicollis and Dorocor-
dulia lepida. All of their emergence timing
coincided with either Pachydiplax longipen-
nis or Epitheca cynosura for the most part
(Fig 2&3). During the weeks Epitheca
cynosura was emerging, another spring spe-
cies Leucorrhinia intacta also emerged. The
weeks when Pachydiplax longipennis was
















Fig 2. Total Exu'v'iae Counts at Carver Pond
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Weather data had very interesting patterns when compared with the emergence data.
Air temperature and water temperature fluctuated together. When air temperature changed
for a period of time water temperature would rise or fall a day or two late (Fig 5, 6). Exuvia
counts correlated well with water temperature (Fig 2, 5). When water temperature was at its
highest (31°C) on the week of July 7-11, exuvia counts were also at their highest (185 for
North Shore Beach) (Fig 2,5,6). Water temperature at peak emergence for Epitheca cy-
nosura was only 18°C and for Pachydiplax longipennis it was 31°C. On the weeks of June
16 and June 23 precipitation peaked at 30mm and consequently water temperature dropped
from 22-23°C to 17°C (Fig. 5&7). This was followed by almost no emergence in the fol-
lowing weeks (Fig 2).
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Water quality data for the 24-hour periods of July 9 and July 21 showed variance in
temperature, dissolved oxygen and pH (table 1). The mean water temperatures were higher
on July 21 than on July 7. The mean dissolved oxygen was also greater on July 21. The
mean pH which was greater at North Shore varied between sites.
(Table 1) Water Quality Data for Carver Pond July 9,2003 and July 21, 2003
North Shore Beach 7/912003
Temp. (OC) pH DO mg/l %DO
Mean 23.83273 5.88 1.96 23.51
Min 22.34 5.78 0.73 8.5
Max 25.68 6.03 3.9 48
Pine Point 7/912003
Temp. (OC) pH DO mg/l %DO
Mean 23.47 5.81 2.65 31.40
Min 22.06 5.75 1.35 15.60
Max 25.31 5.86 3.91 47.50
North Shore Beach 7/21/2003
Temp. (OC) pH DO mg/l %DO
Mean 24.97 5.95 3.51 42.81
Min 23.54 5.89 2.45 29
Max 27.22 6.05 5.31 66.7
Pine Point 7121/2003
Temp. (OC) pH DO mg/l %DO
Mean 24.99 5.87 2.84 34.47
Min 24.03 5.83 2.12 25.30
Max 26.49 5.94 3.59 44.30
Pine Point site had more wind blowing in its direction out of the protection of trees.
The North Shore Beach site had the wind blowing at its back being blocked by trees.
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Sunlight is a very important factor to
take into consideration. The tree cover on
Pine Point was denser than at North Shore
Beach. This allowed for more sun through-
out the day on North Shore Beach. In effect
Pine Point was not directly exposed to sun-
light until after mid-day.
Larvae need some type of vegetation
or structure to crawl up on out of the water
so they can then emerge. The vegetation
that was the most common for the dragon-
flies to emerge was the water willow (Jus-
ticia americana) a leafy aquatic plant and
soft-stem bulrush (Schoenoplectus tabernae-
montani). The water willow and the spike
rush Scirpus americanus were only found on
the North Shore Beach. Rush, tall aquatic
grass (Sparganium americanum) and trees
were favorable to emerging dragonflies also
but not to the degree of lusticia americana.
There was always more wind from the
Northwest towards Pine Point (Fig. 8&9).
North Shore Beach was also in more of a
protected bay type area. A possible reason
for not finding as many exuvia at Pine Point
could be because they were blown off the
vegetation (Fig 9).
Two distinct seasonal emergence pat-
terns of dragonflies were found in this study.
Warm weather from late spring too early fall
is the condition needed for dragonfly emer-
gence. In New England with only a limited
amount of warm weather, the dragonflies
have to emerge in the summer season. Cor-
bet (1954) described the two different types
as spring and summer species. Epitheca cy-
nosura and Leucorrhinia intacta are consid-
ered spring species. These species emerge
early in the season over a short period of
time and are synchronous. Corbet (1954)
believes this is when they are halted at their
last instars during winter because they reach
the last instars when conditions for emerging
are not favorable ..Then once the conditions
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are good in the spring they all emerge at
once. The other five species are considered
summer species because they emerge asyn-
chronously to each other over the longer
period of the summer. A study that was
done by Lutz (1974) with Epitheca cynosura
showed similar results as in this study relat-
ing water temperature to emergence in this
particular species. Another important factor
that Lutz (1974) looked at was day lengths
that each was subject to. Lutz (1974) be-
lieves that the autumnal equinox plays a big
role in the development of Epitheca cynosu-
ra. He set up an experiment to control both
day length and temperature and found that
with the increase of each, the final instar was
completed in December opposed to June.
This means that with longer days and opti-
mal temperatures Epitheca cynosura could
emerge in one third of the time.
Temperature and rainfall are corre-
lated with seasonal emergence. The results
of this study show interesting correlations
between the two. Temperature patterns were
very much as expected. Cool spring temper-
atures can shift the emergence pattern dates
although the patterns will stay generally the
same every year (Wissinger 1988). This
summer had a late start with cooler tempera-
tures than usual. As soon as the tempera-
tures started to rise to about 200C at the end
of May, so did the amount of dragonflies
emerging (Fig 1,5). The numbers show
that a few days after the week of June 24
when the temperature reached about 31°C
(the hottest temperatures of the summer) the
biggest numbers of emerging dragonflies
were found (180 exuviae). The week of
June 23 had unusually high amounts of rain
the weekend before which peaked at a total
of 43mm. That week only one exuviae was
found. This demonstrates that large amounts
of rain fall could affect emergence patterns
or exuvia. Most exuvia throughout the study
were found on vegetation that was right in
the water and when it rained a lot of the exu-
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via might have been washed off which made
it hard to get absolutely accurate counts all
the time.
One of the temperature recorders
used during the study on North Shore Beach
malfunctioned. The water temperature data
from the Onset Hobo temperature recorders
was used to see if fluctuating patterns of the
temperature could be correlated to the fluc-
tuating exuvia counts. This is because it was
only necessary to see how the dragonflies
reacted to temperature change. The Pine
Point temperature recorder data was used for
everything except comparing the two sites.
The differences in the Hydrolab water qual-
ity data between the two sites shows water
temperature, pH, and dissolved oxygen is
something to study further in the future.
This is because all of these vary from site to
site and at different periods of the summer
(Table 1). This could possibly help explain
differences in emergence between the two
sites because the dissolved oxygen is so low
it could be more stressful for the larvae to
have so little oxygen. Numbers of emerg-
ing dragonflies due too these conditions are
something that could be investigated further.
DO could be studied because the less DO,
the worse the conditions might be which
would possibly drive the larvae to emerge
quicker. Bell (1971) explains that the lower
the pH of the water the lower the emergence
number of aquatic insects because it is more
acidic. He describes dragonflies as "moder-
ately tolerant" but as a general rule a pH of
greater than 5.5 will have at least 50% suc-
cessful emergence. The pH values at both
sites for both dates ranged from 5.75-6.05
which would not be stressful.
Numbers of exuvia found varied
between each site through the project but
at the end total numbers found were a lot
higher on the North Shore Beach than on
Pine Point. There could be many reasons for
the difference in numbers of emergence but
some more obvious than others. This study
of dragonfly emergence gives us information
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about which species of dragonflies emerge
when and under what conditions. Many oth-
er questions can be answered with our data.
Now that we have collected our exuviae we
can use the specimens to determine popu-
lation size of dragonflies at Carver Pond,
behavior of different species, competition
between species, and also sex ratios (Foster
and Soluk 2003).
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